SUMMARY About 5% of normal subjects fail to produce increased hydrogen breath concentration after ingestion of the non-digestible carbohydrate lactulose (low hydrogen producers). The existence of low hydrogen producers limits the diagnostic use of hydrogen (H2) breath tests. We studied the effects of lactulose and of magnesium sulphate (MgSO4) pretreatment on stool-pH and on hydrogen exhalation after oral loading with lactulose or lactose in 17 hydrogen producers and 12 low hydrogen producers. In seven hydrogen producers acidification of stool pH by lactulose pretreatment (20 g tid) decreased hydrogen exhalation and three of seven (43%) became low hydrogen producers. In contrast, after pretreatment of eight low hydrogen producers with magnesium sulphate (5 g twice daily) all eight produced hydrogen after a lactulose load. Similarly four lactose intolerant low hydrogen producers had abnormal lactose hydrogen breath tests after MgSO4 pretreatment. MgSO4 pretreatment neither resulted in false positive lactose hydrogen breath tests in five lactose tolerant hydrogen producers, nor increased the hydrogen exhalation in five additional hydrogen producing controls after ingestion of lactulose. The results of these studies confirm that hydrogen production from lactulose decreases when the colonic pH is lower (lactulose pretreatment), and increases when colonic pH is higher (MgSO4 pretreatment). In low hydrogen producers the lacking increase of H2 exhalation after ingestion of non-digestible carbohydrates can be overcome by MgSO4 pretreatment, thus increasing the sensitivity of the test by avoiding false negative hydrogen breath tests in low hydrogen producers with disaccharide malabsorption or maldigestion. The underlying mechanism of this remarkable effect of MgSO4 pretreatment warrants further investigation.
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The hydrogen breath test is a valuable non-invasive diagnostic tool to detect carbohydrate malabsorption and bacterial overgrowth in the small bowel and to determine the gastrointestinal transit time. Metabolism of non-absorbed carbohydrates by gut bacteria results in the production of short chain fatty acids, CO2 and H2. About 20% of the formed H, is absorbed from the gut and exhaled by the lungs. The H2 concentration in breath can be measured by gas chromatography or electrochemically.' The magnitude of the H2 excretion in the breath is influenced by a variety of factors such as smoking,' diet,' and antibiotic treatment. 4 The number of colonic bacteria and the composition of colonic flora may change the H2 excretion as well as the metabolic pathways mainly used by the colonic flora for degradation of carbohydrates.5`About 5% of normal subjects fail to show an increase of more than 20 ppm in H2 excretion in breath after the ingestion of lactulose.78 Therefore, the H2 breath test cannot be generally accepted as a noninvasive screening test for carbohydrate malabsorption. The reason for the lack of H2 production by gut bacteria in these patients is unclear. The H2 production from glucose by faecal incubates is pH dependent in vitro, the pH-optimum being at pH 70-7 45. A three day treatment with 20 g lactulose (tid) resulted in a markedly decreased production of H2 after ingestion of 20 g lactulose ( Fig. 1) with lower max-H2 and smaller AUC-H2 (Table 2) . Three patients (43%) became low hydrogen producers by lactulose pretreatment. The stool pH was lower after lactulose pretreatment (5.1_±02 v 5 8±0 2; p<005). MgSO4 pretreatment had no effect on H2 production after ingestion of lactulose (Table 2) 
EFFECTS OF MgSO4 TREATMENT ON LACTULOSE H2 BREATH TESTS IN LOW HYDROGEN PRODUCERS
The MgSO4 pretreatment led to a steeper H2 exhalation curve (Fig. 2 ) with higher max-H2 and larger AUC-H2 (Table 2) and to an increased stool pH (7.2±0.3 v 6-1±0-3; p<0.05). All eight low hydrogen producers became hydrogen producers after MgSO4 pretreatment.
EFFECTS OF MgSO4 TREATMENT ON LACTOSE H2 BREATH TEST IN LACTOSE TOLERANT HYDROGEN PRODUCERS AND IN LACTOSE INTOLERANT LOW HYDROGEN PRODUCERS
The MgSO4 pretreatment had no effect on the max-H2 or AUC-H2 in lactose tolerant hydrogen producers after lactose ingestion (Table 3 , Fig. 3 ) or on stool pH (6-0±0 1 v 6 2±0.4). In contrast, MgSO4 pretreatment resulted in increased max-H2 and AUC-H2 after lactose ingestion in lactose intolerant low hydrogen producers (Table 3 , Fig. 4 Time ( mins) Fig. 2 Lactulose H2 breath test in eight low-hydrogen producers without (El-L; mean+SEM) and in the same patients with ( ----a; mean -SEM) pretreatment with MgS04 (2 x5 g).
magnitude of bacterial H2 production in the colon. The incidence of low hydrogen producers in the normal population varies considerably from 0% to 20% .' ' 1 Regional or ethnical differences are mostly the result of different dietary habits and this may explain the different frequencies of low hydrogen producers in several studies. In addition, they can be attributed to different criteria applied to define low or non-hydrogen producers or flat H2 breath tests by various authors. In this study low hydrogen producers were defined by a lack of an increase of H2 H0 H2 in ppm 20 concentration in the breath of greater than 20 ppm after an ingestion of 20 g lactulose. Using our rather strict criteria the incidence of low hydrogen producers in the Austrian population is less than 5%.
As the H2 production from disaccharides is a result of bacterial metabolism in the colon, the magnitude of H2 production presumably is sensitive to changes in the composition of the colonic microflora and in the colonic microclimate which are interrelated. Faecal hydrogen production does not seem to be a good indicator for in vivo hydrogen producing~~~~~~~~- 5 ."' These techniques, however, cannot be used routinely in patients screened for carbohydrate malabsorption. Treatment with MgSO4 was shown by radiotelemetry to increase colonic pH."' Thereby, the conditions for bacterial H2 production can be optimised. In addition, there was a tendency to decrease the orocaecal transit time by MgSO4 pretreatment, thus more substrates for bacterial H2 production could reach the colon'6 and the magnitude of hydrogen production could be increased by a higher rate of entry of unabsorbed carbohydrates into the caecum;'7 but this may be only a side effect of MgSO4 pretreatment, the main effect probably being a pH mediated change of the metabolism of colonic bacteria. 
